Measles remains an important problem in Africa, where human immunodeficienc virus type 1 (HIV-1) infection is prevalent. To identify the consequences of coinfection, Zambian children hospitalized with measles were studied at entry, discharge, and 1 month after discharge. All children had low lymphocyte and eosinophil counts at entry and high leukocyte and monocyte counts during recovery. The death of cultured lymphocytes was more prolonged for HIV-positive children. CD38 and Fas were increased on CD4 + and CD8 + lymphocytes, and CD28 was decreased on CD8 + lymphocytes in all children. Abnormalities in CD4 + and CD8 + lymphocyte percentages and CD28 expression associated with HIV infection were preserved during measles. Therefore, the patterns of changes in leukocyte counts were similar, with little evidence that measles exacerbated HIV-associated lymphocyte abnormalities.
B R I E F R E P O R T

Influenc of HIV Infection on Changes in Circulating Leukocyte Counts during Measles in Zambian Children
leukocytes, and lymphopenia and lymphocyte activation are consistent features of infection [1, [3] [4] [5] . In peripheral blood mononuclear cells (PBMCs), MV is found primarily in monocytes [6] , whereas HIV is found in CD4 + T lymphocytes [7] . However, MV also infects T lymphocytes and HIV also infects monocytes, which provides opportunities for direct and indirect interactions.
In coinfected individuals, there is substantial evidence of an interaction between MV and HIV. For instance, HIV-positive children have delayed MV clearance and higher morbidity and mortality [8, 9] but a decrease in HIV RNA levels [10] . However, it is not clear whether measles has a long-term effect on the progression of HIV in coinfected children. To expand our knowledge of how these immunosuppressive viruses interact, we have evaluated leukocyte changes in HIV-positive and HIVnegative Zambian children during measles.
Patients, materials, and methods. The study population ( ; 88 HIV-positive children [median age, 0.83 years; n p 535 range, 0.17-14.4 years] and 447 HIV-negative children [median age, 1.17 years; range, 0.08-16 years]) was part of an ongoing study of measles in HIV-infected and HIV-uninfected Zambian children [4, 8, 11] . Children admitted to University Teaching Hospital (UTH) in Lusaka with a diagnosis of measles were enrolled between January 1998 and November 2000. Measles was confi med by the presence of MV-specifi IgM (Wampole), and HIV infection was determined by measurement of levels of antibody to HIV (Organon Technika) and HIV-1 RNA (Roche Pharmaceuticals). There were 23 deaths, 6 in HIV-positive (6.8%) and 17 in HIV-negative (3.8%) children ( , P 1 .2 x 2 test). Control children without acute illness but with n p 7; median age, 1.87 years; range, 1.17-7.64 years) and without ( ; median age, 1.59 years; range, 0.42-9.51 years) HIV n p 154 infection were MV IgM negative. Written, informed consent was obtained from the parents or guardians of all children. The study was approved by the Johns Hopkins School of Public Health Committee on Human Research and the UTH Ethics Committee.
For children with measles, blood (р5 mL) was obtained at study entry (median, 3 days; range, 1-14 days from the onset of rash), at hospital discharge (median, 7 days; range, 2-20 days), and at a 1-month follow-up visit (median, 38 days; range, 25-61 days). For control children, a single sample was obtained. PBMCs were separated on ficoll-hypaqu (Pharmacia). Plasma levels of soluble Fas (sFas) and soluble Fas ligand (sFasL) were measured by EIA (Medical Biological Laboratories). Flow-cytometric analysis of fresh cells was done with a FACScan device, Cell Quest software (version 1.2), and directly conjugated monoclonal antibodies to CD3, CD4, CD8, CD28, and CD38 (Becton Dickinson); Fas (Antigenix America); and Bcl-2 (Dako). Cell death was assessed with annexin V-fluo escein isothiocyanate and propidium iodide (PI; R&D Systems) staining. Fresh PBMCs were cultured with or without phytohemagglutinin (PHA; 5 mg/mL; Sigma) for 3 days [4] , and viability was determined by trypan blue exclusion.
Data are presented as means ‫ע‬ SEs or 95% confidenc intervals (CIs). Analyses were performed using STATVIEW software (version 5.0; SAS Institute). Student's t test and the x 2 test were used as appropriate. No corrections were made for multiple comparisons.
Results. HIV infection was more prevalent in children with measles (16%) than in control children (4%) ( , x 2 test), P ! .001 which suggests that the HIV-infected children were most likely to require hospitalization [8] . Changes in numbers of circulating white blood cells (WBCs), lymphocytes, monocytes, and eosinophils during measles followed similar patterns in HIV-positive and HIV-negative children (table 1) . WBC counts were normal at entry and were higher during recovery than those in control subjects. Lymphocyte counts were low at entry and by discharge increased to levels in control children. Monocyte counts were high at entry and remained so. Eosinophil counts were low at entry and then gradually increased to levels similar to those in control children. At entry and discharge, but not at follow-up, the percentage of CD4 + lymphocytes expressing CD28 in HIV-positive children was higher than it was in control children (table 2) . CD4 + CD28 + lymphocyte counts were lower in HIV-negative children than in control children at follow-up but were similar to those in HIV-positive children. In contrast, the expression of CD28 on CD8 + lymphocytes was generally lower in HIV-positive than in HIV-negative children. HIV-positive children had lower CD8 + CD28 + T lymphocyte counts during recovery than did HIV-negative children, but counts did not differ from those in HIV-positive control children. HIV-negative children had lower CD8 + CD28 + T lymphocyte counts at follow-up than did control children. The percentages of CD4 + and CD8 + lymphocytes expressing CD38 in HIV-negative children were higher at entry and discharge than those in control children but were similar to those in HIV-positive children.
To determine ex vivo survival, PBMCs were cultured with and without PHA (table 2) . At all times, cells from children with measles cultured without PHA were more likely to die than were cells from control children. At follow-up, cell viability was lower for HIV-positive than for HIV-negative children. Viability in PHA-stimulated cultured cells from HIVnegative children was lower at entry than that in cells from control children, but it was similar to that in cells from HIVpositive children. At discharge, cell viability for HIV-negative children had improved, but it remained low for HIV-positive children. Viabilities of cells cultured with PHA did not differ at follow-up.
To determine the nature of cell death, PBMCs were stained with annexin V and PI. At entry and discharge, more cells from children with measles were annexin V positive and PI negative than were those from control children. Apoptotic cells were most numerous at discharge and were not observed at followup in either group. No differences were detected between HIVpositive and HIV-negative children. Fas was increased on CD4 + and CD8 + lymphocytes from children with measles at all times. Plasma levels of sFas were higher in HIV-positive than in HIV-negative control children and, at discharge, in HIV-negative children than in control children. No differences were detected in Fas on CD4 + or CD8 + lymphocytes or in sFas or sFasL in plasma from HIV-positive or HIV-negative children. At entry and follow-up, the mean fluo escence intensity of Bcl-2 in CD3 + cells from HIV-negative children with measles was higher than that in cells from control children. No differences were detected between HIV-positive and HIV-negative children.
Discussion. The HIV-infected and HIV-uninfected children developed similar patterns of changes in circulating leukocytes after MV infection. These changes included low lymphocyte and eosinophil counts during acute disease and high WBC counts during recovery. T lymphocytes in both groups were activated, as evidenced by the increased expression of Fas and CD38 and the decreased expression of CD28. During recovery, numbers of lymphocytes and eosinophils increased and expression of Fas decreased. HIV-associated low CD4 + and high CD8 + percentages and low CD28 expression on CD8 + cells were preserved during measles and did not worsen. Cultured PBMCs from HIV-positive children had a prolonged susceptibility to death in culture, compared with PBMCs from HIV-negative children with measles, but there were no differences in circulating apoptotic cells or Bcl-2 expression.
Lymphopenia was similar in HIV-negative and HIV-positive children, although recovery was slower in children with the lowest CD4 + lymphocyte percentages. However, lymphocyte subsets differed. HIV-positive children with and without measles had lower CD4 + and higher CD8 + lymphocyte counts and, as a consequence, more severely depressed CD4:CD8 ratios than did HIV-negative children. Interestingly, HIV-positive children with measles did not exhibit the lymphocyte differences between boys and girls that were identifie in children without HIV infection [4] . The preexisting imbalance in CD4 + and CD8 + lymphocyte counts associated with HIV infection probably equalized the responses of boys and girls to measles.
Some activation markers were differentially expressed. Increased CD38 + cell counts have previously been noted during measles [3] , and the present study has demonstrated increases in CD38 + expression on both CD4 + and CD8 + T lymphocytes during acute disease that were consistent with immune activation. The release of lymphocytes from the thymus also increases during measles [9] ; this may have contributed to increases in CD38 + cell counts. In HIV-infected children, high levels of CD38 on CD4 + and/or CD8 + lymphocytes have been correlated with progression and antiretroviral failure [12, 13] . In the present study, by follow-up, CD4 + CD38 + cell counts were at control levels, whereas CD8 + CD38
+ cell counts remained elevated in HIV-positive children, but our ability to determine the significanc of this prognostic marker was limited by small numbers.
CD28 is the major costimulatory molecule on naive T lymphocytes. Most CD4 + lymphocytes express CD28, but it is highly variable on CD8 + lymphocytes [14] . CD4 + CD28 + T lymphocytes were decreased at follow-up in both HIV-positive and HIV-negative children with measles. This late decrease may reflec a prolonged CD4 + cell activation in response to MV infection [1] . The CD8 + CD28
Ϫ T lymphocyte population predicts the progression of HIV infection in children [13] . CD8 + CD28 + T lymphocytes were decreased in HIV-positive children with and without measles and at follow-up in HIV-negative children. There was no evidence that measles caused a further decrease in CD8 + CD28 Ϫ T lymphocytes in HIV-positive children.
The surface expression of Fas is increased after T lymphocyte activation and can mediate apoptosis, but it was not increased by HIV infection above the level attributable to measles. In coinfection, the death of PBMCs in culture was prolonged for HIV-positive compared with HIV-negative children. In HIV infection, both the Fas and Bcl-2 pathways have been implicated in lymphocyte death [15] . In measles, cell death correlates with the expression of Fas on CD4 + T lymphocytes but is not inhibited by FcIgG-Fas or FasL-blocking antibody [4] . In the current studies, Bcl-2 levels were either increased or unchanged, compared with those in control children during the time of increased cell death. Levels of Fas, sFas, sFasL, and Bcl-2 in HIV-positive children during measles were similar to those in HIV-negative children, so the reason for the prolonged susceptibility to death of cultured PBMCs is not clear. HIV-infected cells may contribute independently to cell death [15] .
Overall, the changes in circulating leukocyte counts during measles were similar in HIV-positive and HIV-negative children, with little evidence that measles had a long-term exacerbating effect on lymphocyte abnormalities associated with HIV infection. The present study would not have detected effects in the most severely immunocompromised HIV-positive children, who may not develop a rash. In addition, prolonged T lymphocyte activation may have had a deleterious effect that could not be analyzed within the time frame of the study.
